Polysaccharide gel (PG) extract of fruit-hulls of durian (Durio zibethinus L.) was previously analyzed its sugars component that identical to 4 standard sugars; arabinose, rhamnose, fructose, glucose and galacturonic acid, respectively. PG exhibited antibacterial activity. In vitro study was performed to evaluate the susceptibility of bacteria by agar diffusion test. PG at 0.32% concentration showed sharp and clear inhibition zones on MHA plate against Staphylococcus aureus, Staphylococcus epidermidis, Micrococcus luteus, Bacillus subtilis and Escherichia coli; and on BHIA plate against Lactobacillus pentosus. Antibacterial activity of PG was determined by broth macrodilution method. The colony counts of M. luteus and S. aureus declined to 0% in the presence of 2.5% PG at 16 and 20 hours, respectively; and colony count of L. pentosus declined to 71.28% at 24 hours. Minimal inhibitory concentrations (MICs) of PG were 6.4 mg/ml against B. subtilis, E. coli, S. epidermidis and M. luteus; 12.8 mg/ml against S. aureus and 25.6 mg/ml against L. pentosus. Minimal bactericidal concentrations (MBCs) of PG were 25.6 mg/ml against B. subtilis, E. coli, S. aureus, S. epidermidis and M. luteus; and 51.2 mg/ml against L. pentosus. PG was also demonstrated the killing effect against S. aureus and E. coli at 0.02% PG in NSS, colony counts were decreased to zero within 24 hours. Scanning electron microscopy showed an appearance of bacterial cells aggregation and adhesion of PG fragments on cell surface. Preparation of film dressing of PG was successfully prepared with the presence of plasticizer, 10% propylene glycol or 15% glycerin, to produce a satisfactory PG film dressing product by a casting/solvent evaporation method. Soft fiber of PG dressing patch was also prepared by freeze drying a solution of 0.5% PG in water. PG film showed antibacterial effect against susceptible bacteria tested. The results suggest that preparation of PG dressing has potential benefit in using as a new water soluble antibacterial dressing for open wounds.
INTRODUCTION
Polysaccharide gel (PG) isolated from fruit-hulls of durian (Durio zibethinus L.) has been found useful in preparation of food and pharmaceutical products such as jelly, tablet, suspension and emulsion (Pongsamart et al., 1989a; Pongsamart, 1989; Umprayn et al., 1990abc) . The composition of sugars and properties of PG were previously described (Pongsamart and Panmaung, 1998; Girddit et al., 2001) . Toxicity test of polysaccharide gel was determined, a high oral dose (2 g/kg) did not induce severe toxicity in male mice and rats (Pongsamart et al., 2001) . No toxic effects were observed in subacute treatment in male mice (Pongsamart et al., 1989b) and subchronic studies in male and female mice confirmed the consumptive safety of PG (Pongsamart et al., 2002) . Some polysaccharides have been found useful as biomedicals, such as chitosan showing antibacterial action. Polysaccharide gums have been used in food industries as thickener, gelling agent, emulsifier, film former and so forth. An acidic polysaccharide with gelling properties, such as gellan and beijeran, is expected to have potential applications in the 66 food and cosmetic industries. Konjac glucomannan form a stiff gel, a traditional food in Japan, has been used in diet-food industry (Dumitriu, 1998) . All of those properties have also been found in PG from durian. The present studies aimed to focus on its antimicrobial activity and film forming property in order to find its potential application in medical use as a film dressing or dressing-patches for healing wounds. The purpose of this study was to determine the inhibitory activity of polysaccharide gel against microorganisms. In vitro susceptibility testing was performed by using the methods of agar diffusion test and broth macrodilution test (Collin et al., 1995) . Film of PG was prepared and mechanical properties of polysaccharide films were evaluated.
MATERIALS

Chemicals and Media
Sodium chloride and glucose, purified grade, were obtained from Merck Co. Mueller hinton agar (MHA) from Difco Laboratory contained 2.0 g beef extract powder, 17.5 g acid digest of casein, 1.5 g starch, and 13.0 g agar per liter. Mueller hinton broth (MHB) from Merck Co. contained 2.0 g beef extract powder, 17.5 g acid digest of casein, and 1.5 g starch per liter. Brain heart infusion agar (BHIA) from Merck contained 27.5 g nutrient substrate (extracts of brain and heart and peptone), 2.0 g glucose, 5.0 g sodium chloride, 2.5 g di-sodium hydrogen phosphate, and 15.0 g agar per liter. Brain heart infusion broth (BHIB) from Merck Co. contained 27.5 g nutrient substrate (extracts of brain and heart and peptone), 2.0 g glucose, 5.0 g sodium chloride, and 2.5 g di-sodium hydrogen phosphate per liter. Tryptic soy broth (TSB) from Merck Co. contained 17.0 g peptone from casein, 3.0 g peptone from soymeal, 2.5 g glucose, 5.0 g sodium chloride, and 2.5 g di-potassium hydrogen phosphate per liter. Normal saline solution (NSS) contained 9.0 g sodium chloride per liter. Chemicals of film forming material including propylene glycol and glycerin (USP) were of purify grade from Srichand united dispensary Co., Ltd.
Polysaccharide Gel
The polysaccharide isolated from fruit-hulls of durian was partially purified, and dried by hot air oven at 70°C and powdered. Solution of 0.5-1.0% PG was poured into a stainless steel tray and freeze dried to obtain PG fiber sheet. Its properties were previously described (Pongsamart and Panmaung, 1998; Girddit et al., 2001 ). The solution of polysaccharide was freshly prepared from PG powder to make a series of two-fold dilutions of various concentrations of polysaccharide gel in distilled water before being added to the agar and broth media for microbiological tests.
Microorganisms
Seven bacterial strains, Staphylococcus aureus ATCC 6538P, Staphylococcus epidermidis ATCC 12228, Micrococcus luteus ATCC 9341, Escherichia coli ATCC 25922, Bacillus subtilis ATCC 6633, Lactobacillus plantarum ATCC 14917 and Lactobacillus pentosus ATCC 8041 were used. MHA and MHB were medium of S. aureus, S. epidermidis, M. luteus, B. subtilis and E. coli. BHIA and BHIB were medium of Lactobacillus species. The bacterial colonies from agar medium were suspended in sterile 0.9% NaCl, diluted in NSS and the turbidity was adjusted equivalent to a 0.5 McFarland Standard before use.
METHODS
In Vitro Antimicrobial Activities of Polysaccharide Gel 1. Agar Diffusion Susceptibility Test (Brock et al., 1994; Lorian, 1991) . Agar diffusion testing was performed as follows: serial two-fold dilutions of various concentrations of polysaccharide gel (PG) at 5, 2.5, 1.25, 0.625 and 0.32%, in distilled water were freshly prepared. The enriched agar media with 1% bacterial suspension was seeded over the 67 solidified base layer of the same medium in petri-dishes. Sterile stainless cups were placed over the surface of seeded media. The various concentrations of PG were filled into the cups (300 µl/cup) (the procedures were performed in triplicate for each dilution) and the plates were allowed for pre-diffusion by leaving in room temperature for 1 hour. The plates were incubated at 37°C for 24 hours. The diameter of inhibition zones was measured after incubation. The distilled water and sterile normal saline filled in the cups were used as control. (USP XXIII; Brock et al., 1994) . Broth macrodilution testing was carried out using media containing 4.5 ml of broth with various dilutions of PG and 0.5 ml of microorganism suspension of tested bacteria. Media without PG were used as a control. MIC of PG inhibitory test was performed by using MHB and BHIB media with serial two fold dilutions of PG, the inoculated media were incubated at 37°C for 24 hours. Mininal inhibitory concentration (MIC) was defined as the lowest concentration of PG that inhibit visible growth. Mininal bactericidal concentration (MBC) was determined by subculturing from the tubes showing no turbidity of bacterial growth onto PG-free agar media and no growth was obtained after 24 hours incubation. Time-kill analysis is an extension of the MBC and the method gives information on the rates at which organisms are killed. The inoculated media with PG were incubated at 37°C for 24 hours. The cultures were counted by drop plate method at 0, 2, 4, 6, 8, 12, 16, 20 and 24 hours. Viable counts were calculated to give CFU/ml and kill curves were plotted with time against the logarithm of the viable count. 3. Survival Test of Bacteria. Survival test of bacteria was determined by inoculating bacterial suspension in NSS and in NSS with serial five fold dilutions, 0-2.5%, of PG and incubated at 37°C for 7 days. The cultures were counted by drop plate method every day including the original concentration of microorganism suspension at day 0.
Broth Macrodilution Susceptibility Test
Scanning Electron Microscopy
Bacterial suspension in NSS with various concentrations of PG after incubation at 37°C, 24 hours were used to observed the effect of PG on bacterial cell surface. Microscopy was perform using Scanning Electron Microscope (JEOL JSM 5410LV) under standard operating conditions.
Film Forming Properties of PG
The PG film was prepared by a casting/solvent evaporation method (Remunanlopez and Bodmeier, 1996) . PG at 2% concentration and plasticized polymer solution (10,15% w/w based on PG) were dissolved in deionized water at room temperature. The solutions were warmed and stirred until homogeneously mixed and poured into a cast of 3M Transparency film. The films were air dried for 3 hours at room temperature and oven dried for 8 hours at 50°C. Area of casting was 15x8 cm 2 ; solid contents were 4.42 and 5.52 mg/cm 2 with glycerin and propylene glycol as a plasticizer, respectively; plasticizer contents were 10% and 15% w/w based on PG. The thickness of the dry films was determined by using a micrometer at five positions on films. The mechanical properties of dry PG films were analyzed by using universal tensile testing instrument (Instron model 5565, Vemuri, 2000 England). The mechanical properties of PG films were evaluated experimental details about % elongation, stress at break and Young's modulus (megapascals). Each experiment was repeated at least 5 times.
RESULTS AND DISCUSSION
The in vitro inhibitory activity of polysaccharide gel (PG) from durian fruit-halls was determined against 7 strains of bacteria. Six PG sensitive bacterial strains including S. aureus and S. epidermidis represented gram-positive bacteria that can cause skin infection and pus, E. coli represented a gram-negative bacterium which can be found in gastrointestinal tract normal flora, L. pentosus represented a gram-positive bacterium which can be found in gastrointestinal tract normal flora, M. luteus and B. subtilis represented gram-positive bacteria which can be found in skin normal flora and environment. PG showed inhibitory activity against those six sensitive bacteria except L. plantalum by agar diffusion and broth macrodilution tests.
Activity of PG by Agar Diffusion Method
The inhibition zone appeared on agar media at concentration low to 0.32% PG against S. aureus, S. epidermidis, B. subtilis, E. coli, M. luteus and L. pentosus. Inhibition zone of sharp and clear margin was obtained. An increment of inhibition zone diameter was found with respect to increasing concentrations of PG as indicated in Table 1 . One strain of tested bacterium, L. plantarum, was not inhibited by PG according to this assay. No inhibition zone was obtained (Table 1) .
Activity of PG by Broth Macrodilution Susceptibility Test
MIC and MBC values are demonstrated in Table 2 . The values showed the complete inhibition and bactericidal concentrations of PG against bacteria. The results indicated that 6 out of 7 tested bacteria were susceptible to inhibition by polysaccharide gel extracted from durian fruit-hulls. Time-kill analysis showed that PG at a concentration of 2.5% produced bactericidal effect in TSB and MHB media against S. aureus and M. luteus, the colony counts were declined to 0% at 20 and 16 hours after incubation at 37°C ( Fig. 1 and 2) , respectively. Fig. 3 illustrated that L. pentosus was susceptible and inhibited by 2.5% PG and colony count after 24 hours incubation was declined to 71.28%. However, at 5.1% PG, L. pentosus showed zero colony count at 8 hours of incubation (Fig. 3) .
Survival Test of Microorganisms by Broth Dilution Method
A concentration of 0.02% PG seemed to accelerate killing time of S. aureus and E. coli in NSS, the colony counts at 37°C decreased to zero within 24 hours ( Fig. 4a and 5a) , whereas the colony counts of both bacteria in NSS or distilled water controls were still observed after 5 days of incubation. Both strains of bacteria inoculated in NSS with glucose also survived until day 5 as shown in Fig. 4b and 5b. The results indicate that both bacteria normally survived for several days in NSS but were inhibited within 24 hours in the presence of 0.02% PG.
Scanning Electron Microscopy
S. aureus in NSS with 0.32% and 1.25% PG was killed after 24 hours incubation, no viable cell counts were obtained. An appearance under Scanning Electron Microscope in Fig. 6 showed the occurrence of bacterial cells aggregation and adhesion of PG fragments on cell surface as shown in Fig. 6b and c. PG composed of sugars including arabinose, rhamnose, fructose, glucose and galacturonic acid (Pongsamart and Panmaung, 1998; Girddit et al., 2001 ) that might effectively bind and interfere normal activity on bacterial cell surface (Neu et al., 1992) in NSS. Therefore, normal function of bacterial cell surface was inhibited.
Film Forming Properties of PG
PG film without plasticizer was rather brittle. Therefore, plasticizer propylene glycol or glycerin was added to improve mechanical properties of films. Plasticizers have found to be an important factor affecting the mechanical properties of film (RemunanLopez and Bodmeier, 1996) . PG film products were found to increase in softness and toughness. the PG film was smooth and translucent as shown in Fig. 7a . The result in Table 3 indicated that satisfactory films showed an increase in % elongation and a decrease in Young's modulus with decreasing propylene glycol concentration to 10% w/w based on PG at solid content of PG film 5.52 mg/cm 2 . Young's modulus decreased with increasing glycerin concentration to 15% w/w based on PG at solid content of PG film 4.42 mg/cm 2 . An ideal film patch for wound healing was expected to retain its physical continuity that should be soft, tough, and not brittle. PG films containing 10% w/w propylene glycol at solid content of PG 5.52 mg/cm 2 and 15% w/w glycerin at solid 69 content of PG 4.42 mg/cm 2 were found satisfactory soft and tough. Product of fiber sheet was prepared, white and soft fiber sheet was obtained as shown in Fig. 7b . PG soft fiber sheet was found to absorb water readily. The results of antibacterial and film forming properties of PG suggest that PG has beneficial effect in medical applications.
CONCLUSIONS
The results of susceptibility test demonstrate that S. aureus, S. epidermidis, M. luteus, B. subtilis, E. coli and L. pentosus were susceptible and inhibited by PG extracted from fruit-hulls of durian. Inhibition zone of susceptible bacteria was found at 0.32% PG. MICs and MBCs showed the complete inhibitory and bactericidal activity of PG against susceptible bacteria. Bacterial cells, S. aureus and E. coli, survival test in NSS in the presence of PG showed the reduction of colony counts to zero within 24 hours. An appearance under scanning electron microscope showed the bacterial cells aggregation and adhesion of PG fragments on bacterial cell surface. Preparation of PG film showed that film formulation using plasticizer at 10% w/w propylene glycol at solid content of PG 5.52 mg/cm 2 or 15% w/w glycerin at solid content of PG 4.42 mg/cm 2 produced satisfactory film products. PG was also prepared as a soft fiber sheet. Preparation of PG film and PG fiber patch seem to be a valuable material for application as an antibacterial dressing for burns and wounds.
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